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Available online 13 January 2015AbstractBackground: Hip fractures are commonly experienced by the elderly, and their impact has increased as society has aged. The symptoms of hip
fractures (e.g., severe pain and limited daily functions) are thought to cause acute stress to patients; however, the association between fractures
and affective disorders is not fully understood.
Aim: This nationwide population-based study aimed to analyze the risk of affective disorders in patients diagnosed with a hip fracture.
Methods: We used data from the Taiwan Longitudinal Health Insurance Database. Patients who had a history of hip fracture and affective
disorders prior to the study period were excluded. A total of 3865 patients who came to emergency departments for treatment of hip fractures
between 2004 and 2009 were compared to 11,595 matched control individuals (without hip fracture). Each patient was followed for 1 year to
identify episodes of affective disorders. Cox proportional hazards models, adjusted for residence and sociodemographic characteristics, were
used to compare the risk of affective disorders in the study and control groups, and affective disorder-free survival curves were generated.
Results: A total of 53 (1.4%) patients with hip fractures and 32 (0.3%) controls experienced incident affective disorders during the follow-up
period. The stratified Cox proportional analysis indicated that the crude hazard ratio comparing the risk of affective disorders in patients with a
hip fracture and in controls was 5.1 (95% confidence interval, 3.27e7.86). Most affective disorders (20.8%) presented during the first 60 days
following the fracture.
Conclusion: Individuals who experience a hip fracture are at a higher risk of developing affective disorders, and these disorders primarily occur
during the first 60 days after the fracture.
Copyright © 2014, Taiwan Society of Emergency Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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Hip fractures are common emergency medical problems in
patients aged > 60 years; the incidence of this type of frac-
ture is reported to be as high as 10%.1e5 Regional in-
vestigations have demonstrated that the annual numbers of
incident hip fractures have surpassed 125,000, 90,000, and
25,000 in the United States, Japan, and Germany,
respectively.6e9 As the average life expectancy of the popu-
lation increases, the number of hip fractures increasesby Elsevier Taiwan LLC. All rights reserved.
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The impact of hip fractures has increased in many developed
and developing countries, especially those with large pop-
ulations of elderly individuals.11,12 Physical complications
following hip fractures include increased comorbidities (in-
fections and cardiovascular diseases; 50%), a limited ability
to care for oneself and perform daily activities (40%), and
acute or chronic pain (60%).13e17 Most patients who have
experienced hip fractures experience acute stress and a
diminished quality of life. Indeed, one study reported that
50e75% of patients with hip fractures never return to their
previous functional level.14
Depressive disorder is an affective disorder that disturbs
mood, psychomotor activity, cognition, or vegetative function.
Specific risk factors for affective disorders include female sex,
social isolation, low socioeconomic status, comorbid medical
conditions, uncontrolled pain, and functional impairment.18e22
Therefore, we suspect that patients with hip fractures may
experience affective disorders following their injury due to
risk factors during the postfracture period. However, this
relationship has not been well established. In this study, we
used a national Taiwanese-population database to examine the
relationship between hip fractures and the risk of affective
disorders during a 1-year follow-up period in an Asian society.
In our study, diagnosis of hip fracture was associated with an
increased risk of affective disorder.
2. Methods2.1. DatabaseWe used the Longitudinal Health Insurance Database
(LHID) for this study. The LHID contains medical claim data
that are available to the Bureau of National Health Insurance
(NHI) and are provided to scientists in Taiwan for research
purposes. The government of Taiwan launched its NHI pro-
gram in 1995 to provide affordable health care for all residents
of Taiwan. As of 2007, over 98% of Taiwan's population was
enrolled in this program. The LHID includes original data of
one million people who were selected at random. Furthermore,
the LHID data used in this study were also randomly sampled
from the period 2004e2009. There were no significant dif-
ferences in sex, age distribution, or average payroll-related
insurance premium rates between the patients in the LHID
and all NHI enrollees. The LHID has provided a valuable
opportunity for researchers to evaluate medical service since
1995. Details on the construction of the database are available
online from the Taiwanese National Health Research
Institutes.2.2. Ethics statementThis study was exempt from a full review by the Institu-
tional Review Board of Changhua Christian Hospital
(permission code: 121007) because the dataset consisted of
anonymized secondary data that were released for research
purposes without restrictions.2.3. Study setting and populationThis was a retrospective cohort study. From January 1, 2004,
to December 31, 2009, patients were classified into two LHID
patient groups: the study group (patients with hip fractures who
were admitted to emergency departments) and the control
group (patients without hip fractures). The first hospitalization
for treatment of a hip fracture during this period was coded as
the index hospitalization. The index hospitalization of a control
individual occurred during the same month as that of the
matched study patient. For the control individuals, index hos-
pitalization was the date on which they were extracted. In this
study, all participants were followed for 1 year after their index
hospitalization. The likelihood of experiencing an incident af-
fective disorder during the 1-year follow-up period was
analyzed for the two groups.2.4. Inclusion criteria
2.4.1. Definition of patients with hip fractures
Patients with hip fractures were those who were hospital-
ized (or admitted to an emergency department) with a prin-
cipal diagnosis of hip fracture according to the criteria
established by the International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM; code 820-821).23
2.4.2. Definition of patients with affective disorders
Patients with affective disorders were defined as having a
principal diagnosis with an ICD-9-CM code for major
depressive disorder (ICD-9-CM codes 296.2 and 296.3), bipo-
lar disorder (ICD-9-CM codes 296.0, 296.1, and 296.4-296.8),
or an unspecified episodic mood disorder (ICD-9-CM code
296.9).24 The diagnoses of these diseases adhered to the criteria
of the Diagnostic and Statistical Manual of Mental Disorders
(DMS)-IV published by the American Psychiatric Association.2.5. Exclusion criteria for the study and control groupsAll individuals aged < 18 years were excluded from this
study. All patients who were previously diagnosed with a hip
fracture or affective disorder prior to their index hospitaliza-
tion date were excluded from this study.2.6. Quality control for potential ICD-9 overcoding and
treatmentsTo ensure that the medical resources provided by the
government-supported NHI program are not overused by the
treating hospitals or patients, the diagnoses, treatments, and
medications for each patient are randomly and routinely
inspected by specialists. Overtreatment or overcoding in ICD-
9 is not permitted and can result in fines.2.7. Study protocolOur study group included 3865 patients with hip fractures.
The control group was selected from the remaining NHI
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11,595 control individuals (three for each hip fracture patient)
who were matched to the patients with hip fracture by sex, age
(40 years, 41e50 years, 51e60 years, 61e70 years, 71e80
years, and >80 years), and years of healthcare use. Pursuant to
these matches, a total of 15,460 participants were included in
this study.2.8. Data analysisTable 1
Demographic characteristics of the patients with hip fractures and control
individuals.
Patients with
hip fractures
(n ¼ 3865)
Controls
(n ¼ 11,595)
p
No. % No. %
Sex > 0.99
Male 1824 47.2 5472 47.2
Female 2041 52.8 6123 52.8
Mean age (y),
mean± SD
68.6± 19.4 68.6± 19.4 > 0.99
Age group (y) > 0.99
40 480 12.4 1440 12.4
41e50 247 6.4 741 6.4
51e60 283 7.3 849 7.3
61e70 468 12.1 1404 12.1
71e80 1122 29.0 3366 29.0
>80 1265 32.7 3795 32.7
Monthly income (US$) * <0.001
<600 1370 35.4 3573 30.8
601e1000 1973 51.0 6022 51.9
>1000 522 13.5 2000 17.2
Urbanization level * <0.001
1 (most) 804 20.8 2766 23.9
2 475 12.3 1302 11.2
3 927 24.0 2780 24.0
4 1659 42.9 4747 40.9
Geographic region
of Taiwan
0.303
Northern 1635 42.3 5028 43.4
Central 1003 26.0 2910 25.1
Southern 1064 27.5 3227 27.8
Eastern 163 4.2 430 3.7
Comorbidities
Diabetes mellitus * 673 17.4 1,326 11.4 <0.001
Hypertension * 1061 27.5 3,426 29.5 0.013
Renal failure 175 4.5 483 4.2 0.334
Liver cirrhosis 329 8.5 1060 9.1 0.243
Stroke * 105 2.7 247 2.1 0.038
Osteoporosis 1027 26.6 2969 25.6 0.235
* Significant differences ( p < 0.05).
SD ¼ standard deviation.The statistical package SAS (SAS Institute Inc., Cary,
NC, USA) was used for the analyses in this study and to
select the study and control groups. Descriptive analyses of
the independent variables (patient characteristics, de-
mographics, comorbidities at baseline, and time between
the fracture and the onset of the affective disorder) are
reported as percentage or mean ± standard deviation. The c2
test was used to perform between-group comparisons of
patient and control demographics, including monthly in-
come (>US$1000, $601e$1000, and <$600), level of ur-
banization of the patient's home city (Levels 1e4), the
geographic location of the patient's residence (northern,
central, southern, or eastern Taiwan) and the comorbidities
at baseline (diabetes mellitus, hypertension, renal failure,
liver cirrhosis, stroke, and osteoporosis). The level of ur-
banization of patients' home cities was defined by the
population of the city and indicators of the city's develop-
ment. Level 1 urbanization was defined as having a popu-
lation > 1,250,000 people and a specific level of political,
economic, cultural, or metropolitan development. Level 2
urbanization was defined as having a population
500,000e1,250,000 and an important role in the Taiwanese
political system, economy, or culture. Urbanization Levels 3
and 4 were defined as having populations between
150,000e500,000, and <150,000, respectively. A crude
hazard ratio (HR) was calculated using Cox's stratified
proportional hazards model (stratified by age, sex, and years
since the index hospitalization) to analyze the risk of
incident affective disorders in the study and control groups.
The covariate-adjusted HR was analyzed after adjusting for
three different conditions that might influence the risk of
suffering from affective disorders. Therefore, three models
were identified: Model 1: adjusted for demographics (i.e.,
income, urbanization, and geographical location); Model 2:
adjusted for comorbidities (i.e., diabetes mellitus, hyper-
tension, renal failure, liver cirrhosis, stroke, and osteopo-
rosis); and Model 3: adjusted for factors adjusted for in
Models 1 and 2.
We used the KaplaneMeier method and the log-rank test to
generate survival curves and to compare the 1-year affective
disorder-free survival rate of patients with hip fractures and
control patients. The amount of time before the onset of the
affective disorder in the patients with hip fractures was
recorded and divided into six periods (60 days, 61e120
days, 121e180 days, 181e240 days, 241e300 days, and >300
days). A p value < 0.05 was considered to be statistically
significant.3. Results3.1. Demographic characteristicsThe characteristics and demographics of the patients with hip
fractures (n ¼ 3865) and control patients (without fractures;
n ¼ 11,595) are presented in Table 1. Females predominated in
both groups. Most hip fractures occurred in the patients aged>80
years (32.7%). The patients with hip fractures had lower income
levels and levels of urbanization than the controls. The patients
with hip fractures had more comorbidities at baseline (diabetes
mellitus, hypertension, and stroke) than the controls (allp< 0.05).
Finally, the overall 1-year mortality rates were 9.1% (n¼ 354) in
the study group and 4.8% (n ¼ 562) in the control group.3.2. Crude hazard ratio for affective disordersThe clinical features of the patients who suffered from af-
fective disorders after experiencing hip fractures are presented
Table 3
Crude hazard ratio (HR) comparing the incidence of affective disorders in the
patients with hip fractures and control patients.
Presence of
affective
disorders during
1-y follow up
Total sample
(n ¼ 15,460)
Patients with hip
fractures (n ¼ 3865)
Control patients
(n ¼ 11,595)
No. % No. % No. %
Yes 85 0.5 53 1.4 32 0.3
No 15,375 99.5 3812 98.6 11,563 99.7
Crude HR d 5.1 * (3.27e7.86) 1.0
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significantly higher in the patients with hip fractures than in
the controls (Table 3). Fifty-three (1.4%) of the patients
experienced an acute affective disorder following their hip
fractures, whereas only 32 (0.3%) of the controls experienced
an affective disorder. The stratified Cox proportional hazard
analysis showed that the crude HR comparing the incidence of
an affective disorder in patients and controls was 5.1 [95%
confidence interval (CI), 3.27e7.86; p < 0.001; Table 3].(95% CI)
* p < 0.001.3.3. Adjusted effect estimates for affective disorders
CI ¼ confidence interval.After adjusting for the demographics of the patients
(including income, urbanization, and geographical location),
the patients with hip fractures were more likely to experience
an incident affective disorder than the control group (HR, 5.0;
95% CI, 3.19e7.70; Table 4, Model 1). After adjusting for
comorbidities at baseline (including diabetes mellitus, hyper-
tension, renal failure, liver cirrhosis, stroke, and osteoporosis)
in Model 2, the HR for affective disorders was 4.9 (95% CI,
3.15e7.61). Finally, when all of the above-mentionedTable 2
Clinical features of the patients who experienced affective disorders following
hip fractures.
Patients suffering from affective disorders
after experiencing hip fractures (n ¼ 53)
No. %
Sex
Male 30 56.6
Female 23 43.4
Mean age (y), mean± SD 70.6± 18.1
Age group (y)
40 5 9.4
41e50 3 5.7
51e60 6 11.3
61e70 4 7.5
71e80 10 18.9
>80 25 47.2
Monthly income (US$)
<600 24 45.3
601e1000 23 43.4
>1000 6 11.3
Urbanization level
1 (most) 11 20.8
2 10 18.9
3 12 22.6
4 20 37.7
Geographic region of Taiwan
Northern 22 41.5
Central 12 22.6
Southern 15 28.3
Eastern 4 7.5
Comorbidities
Diabetes mellitus 14 26.4
Hypertension 11 20.8
Renal failure 4 7.5
Liver cirrhosis 3 5.7
Stroke 1 1.9
Osteoporosis 15 28.3
SD ¼ standard deviation.parameters were adjusted for, the HR decreased slightly to 4.8
(95% CI, 3.07e7.42; Table 4, Model 3).3.4. Affective disorder-free survival curvesThe affective disorder-free survival curves comparing the
incidence of affective disorders in the hip fracture patients and
controls are shown in Fig. 1. We found that the patients with
hip fractures had significantly lower rates of 1-year affective
disorder-free survival than the controls ( p < 0.001).3.5. Time between fracture and the onset of affective
disordersThe amount of time between the fracture and the presen-
tation of the incident affective disorder during the study period
is shown in Fig. 2. We found that 20.8% of affective disorders
occurred during the first 60 days following the hip fracture.
4. Discussion
Hip fractures are a common medical emergency associated
with high mortality rates and generally experienced by elderly
patients. Studies have reported that low bone density and
neuromuscular and visual impairments are risk factors for hipTable 4
Adjusted effect estimates for affective disorders.
Variables Occurrence of incident affective disorders
HR 95% CI
Model 1
Patients with hip fractures 5.0 3.19e7.70
Control * 1.0 1.00
Model 2
Patients with hip fractures 4.9 3.15e7.61
Control * 1.0 1.00
Model 3
Patients with hip fractures 4.8 3.07e7.42
Control * 1.0 1.00
* Reference group. Model 1: Adjusted for demographics (i.e., income, level of
urbanization and geographical location). Model 2: Adjusted for comorbidities
(diabetes mellitus, hypertension, renal failure, liver cirrhosis, stroke and
osteoporosis). Model 3: Adjusted for the variables included in Models 1 and 2.
CI ¼ confidence interval; HR ¼ hazard ratio.
Fig. 1. Affective disorder-free survival curves for the patients with hip frac-
tures and controls during the 1-year follow-up period ( p 0.001).
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risk factor for fractures, and fall prevention training reduced
the incidence of fractures in these patients.29 In this study, we
found that comorbidities at baseline (especially diabetes
mellitus, renal failure, or stroke) were risk factors for hip
fracture. Patients with diabetes mellitus typically experienced
visual impairment and neuromuscular dysfunction and were
therefore more likely to fall and experience a hip fracture.30
Secondary hyperthyroidism, which is more common in pa-
tients with renal failure, is associated with altered calcium and
phosphate metabolism; therefore, patients with this condition
experience fractures more frequently.31 Finally, falls are
commonly experienced during a stroke because a stroke may
cause gait instability and reduced balance or reaction time.32,33
Therefore, fall prevention should be encouraged in patients
with diabetes mellitus, renal failure, or stroke at baseline.
Patients with hip fractures typically experience a reduced
quality of life and stress.34,35 It is well known that stress may
be associated with the incidence of an affective disorder.36,37
Therefore, we suspected that patients with hip fractures
might be at increased risk of developing an incident affectiveFig. 2. The affective disorders (20.8%) occurred during the first 60 days
following a hip fracture.disorder. However, this relationship had not been evaluated. In
this 1-year follow-up study, we noted that hip fracture was
significantly related to the occurrence of incident affective
disorders. After adjusting for factors such as comorbidities at
baseline, income, and geographic region, we found that frac-
tures remained significantly associated with a risk of affective
disorders. Many previous studies reported that early treatment
or support is of benefit for trauma caused affective dis-
orders.38e44 In this study, 20.8% of affective disorders
occurred during the first 60 days following the hip fracture.
Therefore, emotional support should be emphasized during the
early stages of recovery from the hip fracture. This support
probably could be started in the emergency departments,
especially for those patients who are waiting admission or
operation. In conclusion, patients with hip fractures are at a
high risk of experiencing subsequent affective disorders. More
importantly, 20.8% of affective disorders occurred during the
first 60 days following the fracture. Early mental support or
psychological intervention may be useful in patients who have
experienced a hip fracture.4.1. LimitationsPotential ICD-9 over- or miscoding (which depends on the
treating physician) is an inherent limitation of this database
study. However, as we mentioned in the methods section
(quality control), the diagnosis and treatment of each patient
was randomly and routinely inspected by specialists. For
example, the payments used to treat a hip fracture were
consistently retrospectively inspected along with the patient's
medical records and imaging reports. In this study, we have
adjusted effect estimates (demographics and comorbidities of
patients) for affective disorders. However, we believe that
there are maybe some other factors (not included in the study)
that could cause or influence fracture and affective disorders at
the same time. We hope this topic could include more effect
estimates in the future. Finally, the influence of treatments for
hip fracture (medications or operations) on the occurrence of
affective disorders was not discussed in this study.
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